This article presents empirical evidence on the effectiveness of currency futures cross-hedging with the portfolio model. Single and multiple crosshedges for three minor European and three minor Asian currencies are examined. The performance of the cross-hedged portfolios is measured in terms of maximum possible variance reduction. Realistic simulations of crosshedging effectiveness are used to determine how well the optimal portfolio strategy performs relative to not hedging or a naive cross-hedge. Results show that Asian currency risk cannot be minimized with single or multiple currency futures cross-hedges. Indeed, both the naive and portfolio strategies increase exchange rate risk to the hedger. Because of the diversification benefit, the multiple currency cross-hedge is superior in hedging performance to the single currency cross-hedge. However, a cross-hedge constructed with two different currency futures positions is as effective as one with five different futures contracts. While the cross-hedge ratios of the European currencies are unstable over time, cross-hedging effectiveness appears not to have been affected significantly.
I. Introduction
To remain cost-competitive at home and abroad, many companies have been forced to increase their global sourcing and shift production overseas. The most promising markets today are in third-world countries that offer a large human resource base and, most importantly, labor at relatively low costs. As companies exploit the advantages offered by these countries, the nature and 1. The information was gathered from various supplemental issues of Euromoney (1995 Euromoney ( , 1996 .
2. A single cross-hedge involves covering a single currency spot position with a single futures position in a different currency. In a multiple cross-hedge, the single currency spot position is hedged with multiple futures positions in different currencies.
volume of their third-world trade and capital flows increase. At the same time, traders and investors engaged in international transactions with less developed countries find themselves exposed to exchange rate risk that cannot easily be hedged in the international financial markets. While forward contracts up to six months may be available in these minor currencies, forward markets tend to be thin and less liquid at increasing contract maturity. Exchange-traded derivatives, such as currency futures and options, interbank options, and swap arrangements, are either limited or nonexistent.
1 In addition, exchange controls and other regulations can severely restrict the activities of the foreign exchange market. To cope with these challenges, market participants are forced to take a more dynamic attitude to managing foreign exchange rate risk.
Cross-hedging is a risk management tool that is used to minimize exchange rate risk when the expected cash flows are denominated in a minor currency. For example, a company with a contractual obligation to take a long position in the Spanish peseta or South Korean won may want to protect its cash position with a currency hedge. Since derivative instruments on these currencies are not available, the currency spot position can be covered with a futures contract in a different currency, e.g., the German mark or the Japanese yen. The effectiveness of structuring this cross-hedge depends on four interrelated issues: (1) the degree to which the spot and futures currencies are positively correlated; (2) the accuracy of estimated risk-minimizing cross-hedge parameters; (3) the stability of the optimal cross-hedge ratios over time; and (4) the potential risk reduction from portfolio cross-hedging.
The objective of the article is to present empirical evidence on crosshedging with the portfolio model in the currency futures market. Single and multiple cross-hedges for spot currencies without futures contracts are examined.
2 Hedging effectiveness is measured as the percentage reduction in the variance of a hedged portfolio relative to that of an unhedged spot position. Based on simulations of hedging performance, the results of the portfolio strategy are compared with those of a naive hedge strategy and an unhedged position. Ex ante cross-hedging effectiveness is emphasized using a relatively large sample size.
Numerous studies of currency futures hedging and cross-hedging have generally adopted the mean-variance methodology developed by Markowitz (1952) and applied to futures by Ederington (1979) , Johnson (1960) and Stein (1961) . The single futures hedge approach was extended to a multivariate framework by Anderson and Danthine (1981) , who also examined crosshedging strategies. Results of earlier studies focused on ex post measures of optimal hedge ratios and hedging effectiveness (e.g., Dale 1981; Grammatikos and Saunders 1983; and Schneeweis 1981, 1982) . Although most of these studies suggested currency futures hedging strategies to be effective, their approach offered little guidance to the actual hedger who needs to know the minimum risk hedge ratio a priori. Of course, it is not possible to implement optimal hedge ratio estimates ex ante. Thus, it was reasonable to expect that real world hedging effectiveness would be lower.
The need to conduct tests under more realistic hedging conditions prompted several researchers to examine least-risk hedge ratios and hedging performance for currency futures hedging and cross-hedging on an ex ante basis (e.g., Marmer 1986; Grant 1987, 1989; Park, Lee and Lee 1987; Lypny 1988; Braga, Martin and Meilke 1989; Braga and Martin 1990; Malliaris and Urrutia 1991; Benet 1990a Benet , 1990b Benet , 1992 . The results reported by Grant (1987, 1989) and Benet (1990a Benet ( , 1990b Benet ( , 1992 showed a significant difference between ex post and ex ante hedging effectiveness measures. Such a discrepancy in performance was greatest in the presence of intertemporal hedge ratio instability. In fact, many researchers found the hedge ratio variability problem to be significant, particularly when cross-hedging foreign exchange rate risk (e.g., Grammatikos and Saunders 1983; Marmer 1986; Grant 1987, 1989; Kwok 1987; Park, Lee and Lee 1987; Braga, Martin and Meilke 1989; Benet 1990b; Malliaris and Urrutia 1991) . In this case, the economic relation between the currency and the cross-hedging instrument may be weak and less stable, thereby causing the estimated least-risk hedge ratio to be unreliable on an ex ante basis.
Even if the optimal hedge ratio is stable over time, the portfolio model hedge strategy must be evaluated for its ability to minimize foreign currency exposure. Superior hedge performance is attainable only as long as the portfolio model yields least-risk hedge parameters for a given hedge period. Based on realistic simulations of hedging performance, Marmer (1986) , Kwok (1987) , Eaker and Grant (1989) , and Braga and Martin (1990) compared the portfolio hedge with a naive hedge rule and no hedge. Their findings offer overwhelming support for the usefulness of the portfolio model strategy for out-of-sample currency futures and currency cross-hedges.
This article extends the evidence on the effectiveness of currency crosshedging in several ways. First, it examines minor European and Asian currencies that are identified as having a strong positive correlation with currency futures contracts. Second, it examines single and multiple currency futures cross-hedges within a mean-variance framework. And third, a simulation is run to compare the ex ante hedging effectiveness of the portfolio model strategy with a naive hedge strategy and an unhedged position.
The article is organized as follows. Section II describes the data and statistical method used in this study. The empirical results are presented in section III. Section IV provides a summary of the study and a conclusion for policy makers.
II. Data and Method
The data include monthly spot prices for the Italian lira, Spanish peseta, Greek drachma, Singapore dollar, South Korean won, and Hong Kong dollar and are obtained from the International Financial Statistics and the Trade Data Bank. British pound, Canadian dollar, German mark, Japanese yen, and Swiss franc futures prices are provided by the Futures Industry Institute Data Center. Prices are all closing or settlement prices in U.S. dollar per foreign currency collected monthly for the last day of the month. The data cover the period January 31, 1983, through December 31, 1992. Currency futures are available with four maturity months: March, June, September, and December. Thus, for each contract, as suggested by Grant (1987, 1989) , the holding periods run for the three months prior to the maturity date with 12 monthly (non-overlapping) holding periods during each of the ten years (120 observations each for the currency futures).
A hedger is defined as one who minimizes the variance of expected dollar returns on a currency spot position with respect to a position in the currency's corresponding future contract (e.g., Ederington 1979; Johnson 1960; Stein 1961) . If a particular foreign currency cannot be hedged directly, mainly because of the nonexistence of forward and/or futures markets in that currency, exchange rate risk may still be reduced with a cross-hedge. Within the meanvariance framework, the general cross hedging model is based on the hedger's objective function (see Benet 1990a Benet , 1990b 
where dS t = the difference in spot price during period t, Portfolio Cross-Hedging with Currency Futures 3. Disagreement arises on the best procedure to estimate the least-risk hedge ratio; namely, whether to use cash and futures price levels, price changes, or percentage changes in the analytical approach. Witt, Schroeder, and Hayenga (1987) have compared all three estimation techniques and concluded that the proper statistical method (at least theoretically) depends on the hedger's objective function and the type of hedge being considered. In the present study, the objective function of the hedger is to minimize the variance of returns. The hedge is a storage hedge. Thus, the current spot price is relevant to the hedging decision. In this case, "the price change model seems appropriate," as suggested by Witt, Schroeder, and Hayenga (1987, p. 145) .
4. While the Ederington methodology is simple and easy to use, the optimal hedge parameter estimates from the OLS technique will yield unbiased results only when the data satisfies the assumptions of homoskedasticity and no serial correlation. Preliminary regressions performed on the data reveal the presence of heteroskedasticity and autocorrelation. The first problem is eliminated by taking the natural logarithm of the data. The problem of autocorrelation among residuals is corrected with an autocorrelation-corrected model. The Cochran-Orcutt technique was used ex post and ex ante. dF i,t = the difference in the prices of the i th futures contracts during period t, dH t = the target expected change in value of a portfolio invested in a fixed level of spot currency and n futures contracts, each in proportion i during period t, i = the proportion of integer number of future contracts. Thus, i would equal the hedge ratio with i < 0 representing a short position and i > 0 representing a long position in futures. Ederington (1979) , Anderson and Danthine (1981) , and others have shown that this approach reduces to an ordinary least squares (OLS) regression of a single spot position on single or multiple futures positions. The empirical cross-hedging regression equation is of the general form:
The optimal or least-risk hedge ratio, b * , is simply obtained from the parameter estimates, i , of the above multivariate regression equation. 3 The degree of hedging effectiveness, e, for the minimum-risk hedge is measured by the regression coefficient of determination, R 2 . The model in its empirically-testable form (equation 3) is used to examine the performance of single and multiple cross-hedging strategies. The specific model form adopted for this study is logarithmic; that is, the natural log of the cash and futures prices is taken first before computing the price differences. 4 Since the variance and covariance terms are now expressed in returns form rather than prices, the cross-hedge ratio estimates are interpretable as elasticity measures (Benet 1990a) . A "naive" out-of-sample hedging approach is 5. The subperiods were chosen on the basis of adequate sample size for statistical purposes using monthly data (Benet 1990a (Benet , 1990b (Benet , 1992 .
6. Actual participants in futures markets probably use more sophisticated hedging strategies in establishing hedge ratios. The "naive" approach, however, offers a convenient performance benchmark for comparison purposes, (Benet 1992) .
7. The construction of dummy variable tests following Gujarati (1978) allows for testing directly if and when significant structural shifts occurred in hedge ratios (Grammatikos and Saunders, 1983; Park, Lee and Lee, 1987; Benet, 1990b). employed where the total sample data is divided into three subsamples.
5 Least risk hedge ratios are estimated for each subsample separately, and then prior subperiod optimal hedge ratios are used to construct a hedge for the subsequent (holding) period (e.g., the hedge ratio estimated in subperiod 1 is implemented into subperiod 2, subperiod's 2 into 3).
6
The hedging results obtained from ex post data are useful only to a hedger on an ex ante basis if the estimated optimal cross-hedge ratios are stable over time. In fact, intertemporal hedge ratio variability causes a general failure of the "naive" hedging approach because of structural shifts between changes in the spot and futures prices. Hedge ratio stability is particularly important for cross-hedging since the underlying structural factors of a currency used in the cross-hedge may not be well-developed. Gujarati (1978) suggested a formal stability test of the following form: In regression equation 4, 1 represents the optimal hedge ratio for the period January 1983 to May 1986. The coefficients 1 and 2 represent changes (or structural shifts) in the hedge ratio over the corresponding period. Thus, the estimated hedge ratio is expected to be stable over time if 1 = 2 = 0.
The pre-specification of the subperiods in the above test is based on equal sample size. However, particular economic events that impact the foreign exchange markets or shifts in the exchange rate regimes during one of the subperiods could bias the estimated hedge ratio instability. Thus, the hedge ratio stability test is repeated with the full sample period divided into three subperiods reflecting changes in the international exchange rate regimes; that is, the first period ends just before the Plaza Agreement in September 1985, the second period before the Louvre Accord in February 1987, and the third period with the end of the study period.
Finally, simulation analysis is used to compare the effectiveness of portfolio model hedging with naive hedging rules. The simulation is run as follows. Assume a hedger who is long in futures and who has a predetermined estimation (or base) period (January 1983 to September 1989) and a hedge period (October 1989 to December 1992 . These period divisions coincide with the subperiods used in the Gujarati hedge ratio stability test to make direct inferences between optimal hedge ratio stability and hedging effectiveness. Furthermore, the hedger is assumed to be continuously cross-hedged over a non-overlapping hedge length of four weeks; that is, as one hedge is lifted, another hedge with comparable characteristics is placed.
For the portfolio strategy, optimal hedge parameters over the estimation period are derived using equation 3. These hedge ratios are then applied over the hedge period and given hedge length. For the naive strategy, the crosshedge ratios are set equal to one. Expected portfolio returns are computed under each hedging strategy. Based on this approach, hedging effectiveness is measured as the percentage reduction in the variance of returns on a hedged portfolio (optimal or naive) relative to an unhedged position. If the portfolio model cross-hedge results in risk reduction performance superior to the naive cross-hedge, the variance of the cross-hedged portfolio's returns should be minimized. Table 1 reports ex post estimates of risk minimizing OLS regression crosshedge ratios, b * (regression coefficient), and hedging effectiveness, e (regression coefficient of determination) for six minor currencies. The five currency futures contracts most actively traded on the IMM are used to create single and multiple portfolio cross hedges. Although hedging performance varies across countries, in-sample hedging effectiveness results support the cross-hedging strategies of all minor currencies except the Hong Kong dollar. For single portfolio hedges (excluding the Hong Kong dollar), the R 2 s range from .0147 for a Canadian dollar futures cross-hedge of the Singapore dollar to .7996 for the German mark futures cross-hedge of the Italian lira. The majority of cross-hedges are significantly different from the naive hedge ratio of one at the five-percent level. Note: Sampling period is January 1983 to December 1992. The Japanese yen futures contact is used in constructing the multiple cross-hedges for the Asian currencies. e denotes in-sample hedging effectiveness; b * is the optimal hedge ratio; *Statistically significant from zero at the 5% level. **Statistically significant at the 5% level for an F-test.
III. Empirical Results
Strong evidence appears to exist that the three minor European currencies (Italian lira, Spanish peseta, Greek drachma) and the South Korean won are most effectively cross-hedged with German mark futures. The degree of correlation ranges from .5468 for the Korean won to .7996 for the Italian lira. Portfolio Cross-Hedging with Currency Futures 8. In a general F-test, the R 2 s of the unconstrained and constrained models, adjusted for degrees of freedom, are compared. In all cases (except for the four-currency futures cross-hedge of the Italian lira), the F-values are statistically insignificant at the five-percent level. Thus, the constrained regression model can be accepted as representing the multiple cross-hedge for all minor European and Asian currencies examined.
9. For example, the e'=84.34 percent ex ante cross-hedging effectiveness, reported in table 2 for the German mark futures cross-hedge of the Greek drachma, is obtained by constraining the hedge ratio at b*=.6029 (from estimation subperiod 1) for German mark futures in subperiod 2. The ex post hedging effectiveness measure, e, is 89.51 percent for the second subperiod.
The Singapore dollar is most strongly correlated with Japanese yen futures with an R 2 of .3697. In-sample hedging effectiveness for the Hong Kong dollar is relatively small, suggesting that none of the currency futures contracts offer effective cross-hedges. Since currencies tend to have dominant economic influences, it is evident that the minor European currencies are linked to the mark and the minor Asian currencies to the yen. The Canadian dollar offers the least-effective cross-hedge, which is most likely caused by the close relationship between the Canadian and U.S. currencies.
Multiple portfolio cross-hedging strategies are generally more successful in reducing foreign exchange rate risk. Mean hedging effectiveness is .6546 compared with .4487 for all single portfolio hedges (excluding the Hong Kong dollar). However, portfolio size does not have a significant statistical effect on hedging performance. Based on an F-test, a two-currency futures cross-hedge is as effective in minimizing currency risk as a five-currency futures crosshedge. 8 The German mark futures contract remains statistically significant at the five-percent level in all multiple cross-hedges of the minor European currencies, while Japanese yen futures are statistically significant in the multiple cross-hedges of the Singapore dollar. In some cases, the multiple portfolio cross-hedge offers only marginal improvement in hedging performance to the single portfolio cross-hedge found to be most strongly correlated with the spot currency. For example, Greek drachma risk can be reduced by 65.19 percent when cross-hedged with German mark futures alone. Yet, only a 65.88 percent risk reduction is possible with a five-currency futures cross-hedge.
In-sample hedging effectiveness presents a useful measure for examining the degree of correlation between currency spot and futures prices (percentage changes). It also offers empirical support for the cross-hedging strategies. However, out-of-sample hedging results are more useful and more realistic estimates of performance available to the real-world practitioner. Hedge ratio and (in-sample and out-of-sample) hedging effectiveness estimates for three subperiods are reported in table 2. The single and multiple cross-hedging strategies are tested using a "naive" out-of-sample approach, where prior subperiod hedge ratios are implemented into the subsequent hedge subperiod. 10. These results are consistent with those reported by Eaker and Grant (1987) and Benet (1990a Benet ( , 1990b Benet ( , 1992 , who examined both commodity and currency cross-hedges.
11. Results are available from the author upon request.
The results reported in table 2 illustrate a divergence between ex post (e) and ex ante (e') hedging effectiveness. Ex post single and multiple crosshedging strategies successfully reduce foreign exchange rate risk. Single portfolio strategies are more variable in ex post performance across currency futures hedges. But when combined in a portfolio, the variability in ex post hedging effectiveness is significantly reduced. Thus, the diversification benefits of multiple portfolio cross-hedges are evident ex post. However, such ex post results overstate true hedging performance, since optimal hedge ratios are unknown at the beginning of the holding period.
Ex ante performance (e'), as shown in table 2, is lower for all cross-hedging strategies.
10 One of the more dramatic discrepancies between e and e' can be found for Singapore in the third subperiod. A five-currency futures crosshedge is 70.60 percent effective using in-sample measures, while foreign exchange rate risk is actually increased by 216.86 percent when measured on an ex ante basis. The difference between ex post and ex ante hedging results is most pronounced for the single and multiple cross-hedges of the minor Asian currencies. According to ex ante estimates, exchange rate risk is actually increased (negative hedging effectiveness measures) relative to an unhedged position. The "drop" from e to e', however, is less dramatic for the single and multiple cross-hedges of the Greek drachma, Spanish peseta, and Italian lira.
The discrepancy between ex post and ex ante hedging effectiveness measures appears to be caused by variability in the optimal hedge ratios. This problem is apparent in table 2, where single and multiple cross-hedge ratios fluctuate across subperiods. Hedge ratio instability, which causes a general failure of the "naive" out-of-sample hedging approach, is formally tested using Gujarati's (1978) For all single and multiple portfolio hedges tested, the dummy variable equation (equation 4) produces a better fit than the "standard" portfolio hedge model (equation 3). However, not all dummy coefficients are significantly different from zero at the five-percent level. Hedge ratio instability is present for the single and multiple portfolio cross-hedges of the Greek drachma, Italian lira, Spanish peseta, and South Korean won across holding periods. The relationship between the single and multiple futures prices and the spot prices of the Singapore dollar and Hong Kong dollar appear fairly stable over time. Similar results are obtained for all currencies except the Hong Kong dollar when the subperiods are synchronized with changes in the international exchange rate regimes. Note: Estimation period is January 1983 to December 1992. The Japanese yen futures contact is used in constructing the multiple cross-hedges for Asian currencies. HR=estimated hedge ratio, HE=in-sample hedging effectiveness.
Instability of least-risk hedge ratios raises the concern over the usefulness and reliability of the portfolio model cross-hedge to reduce exchange rate risk. The hedging performance of the portfolio strategy is examined by creating a portfolio in which single and multiple optimal hedge ratios estimated over the forecast period are used to cross-hedge the spot positions of the minor currencies over the hedging period. Results for the single and multiple crosshedges are compared with the naive hedge strategy in which the spot position is matched by an equal but opposite futures position; that is, the hedge ratio is maintained at one (b = 1). Table 4 presents the simulation results of the insample hedging performance for the portfolio strategy and naive hedge rule. For all minor currencies, the estimated hedge ratios are significantly different from one at the five-percent level. For example, Italian lira risk is minimized by going long .8238 German mark futures. Similarly, going long .1664 Swiss franc futures reduces Singapore dollar risk. Thus, a full hedge is not necessarily the best strategy for minimizing risk, which is consistent with Ederington's (1979) finding. In-sample hedging effectiveness is high for both single and multiple portfolio cross-hedges which clearly benefit from the diversification effect. In more than 80% of all portfolio cross-hedges (i.e., 45 out of 54), the coefficient of determination, HE, is greater than .5000.
Based on the variance of portfolio returns, as shown in table 5, the naive and portfolio strategies are equally effective in reducing foreign exchange rate risk of the three minor European currencies with a single futures currency cross-hedge relative to an unhedged position.
However, a multiple currency futures cross-hedge results in risk reduction performance under a portfolio strategy superior to that of simply following a naive hedging rule. Failure of the naive strategy with a hedge ratio of one may be directly linked to the optimal cross-hedge ratios estimated under the portfolio model, which were found to be significantly different from one (see table 4 ). On the other hand, the greater variability of multiple hedge ratios, verified by the hedge ratio stability test (see table 3) and the fluctuating ex post hedge ratios seen across currencies and subperiods (see table 2), does not seem to significantly impact the cross-hedging performance.
For the single currency futures cross-hedges of the South Korean won and the Hong Kong dollar, neither the naive strategy nor the portfolio strategy result in significant risk reduction. In these two cases, the portfolio variance of returns is minimized by remaining unhedged. For the multiple currency futures cross-hedges, only Singapore dollar risk is significantly reduced under the portfolio strategy.
The significance of risk-reduction effectiveness of single and multiple currency cross-hedging is evaluated by comparing the variances of returns of not hedging with the variances of returns from the naive and portfolio strategy, respectively. According to the computed F ratios in table 6 (F-ratios (1) and Fratios (2)), both hedging strategies reduce risk relative to an unhedged position for single currency cross-hedges of the European currencies.
Risk reduction is statistically significant only when the portfolio strategy is employed to create multiple currency futures cross-hedges (F-ratios (2)). The single and multiple currency cross-hedges of the South Korean won and the Hong Kong dollar under the naive and portfolio strategies actually increased risk. A comparison of the variances of returns of the naive strategy with the variances of returns of the portfolio strategy clearly shows that the portfolio strategy is superior in risk reduction to a simple naive hedge rule. The F-ratios (F-ratios (3) in table 6) are statistically significant at the five-percent level for all single and multiple currency futures cross-hedges of the minor Asian 12. In February 1980, the Bank of Korea introduced a multi-currency basket peg system (MCBP). Under this mechanism, the U.S. dollar/Korean won exchange rate was "determined as the weighted average of two basket rates -an SDR basket and a trade-weighted basket, with an additional influence of an adjustment factor determined by the Bank of Korea" (Euromoney, June 1995, p. 10). As of March 1990, Korea operates under a market average rate system (MAR) which gives market forces a greater role in determining the exchange rate. currencies examined. European currency risk is reduced in a statistical sense only with multiple currency futures cross-hedges under the portfolio strategy.
In summary, the results presented here for cross-hedging the currencies of minor European and Asian nations are generally consistent with the results for cross-hedging foreign exchange exposure of minor currencies. These findings also present empirical evidence for the cross-hedging strategies which are closely related to the institutional characteristics of the currency hedged. That is, the Greek drachma and the Singapore dollar are managed floating currencies, while the Spanish peseta and the Italian lira, for a portion of the sample period, belong to the Exchange Rate Mechanism of the European Monetary System. Those currencies pegged to a basket of various currencies, such as the South Korean won (until 1990) , are most effectively cross-hedged with a basket hedge that reflects this policy.
12 And foreign exchange rates which are linked to the U.S. dollar experience limited value change. Thus, there is no need to hedge the currency exposure, especially if the country's economy is relatively strong and a currency devaluation is highly unlikely.
IV. Summary and Conclusions
This study presents empirical evidence on portfolio model cross-hedging with currency futures contracts. Single and multiple cross-hedges for European and Asian currencies, for which organized futures and forward markets are limited or nonexistent, were examined over the 1983 to 1992 sample period. Following Ederington's methodology, cross-hedging effectiveness was measured ex post, by using the OLS parameter estimates, and ex ante, by implementing prior least risk hedge ratios in subsequent hedge periods. The ex post results generally support the cross-hedging strategy for all minor currencies examined, except the Hong Kong dollar. Comparison of hedging effectiveness measures shows a discrepancy between in-sample and out-ofsample performance. While the "drop" in cross-hedging effectiveness has not been determined to present a large problem for the minor European currencies, it is significant when cross-hedging the minor Asian currencies with currency futures. Here, the effectiveness measures are negative indicating that Asian currency risk is actually increased by the single and multiple currency futures cross-hedges relative to an unhedged position. These results, in turn, indicate that in-sample effectiveness measures overstate real-world hedging performance.
The cause for the lower ex ante hedging effectiveness appears to be hedgeratio variability. Examination of cross-hedge ratios across currencies and subperiods suggest that currency futures cross-hedging strategies would be somewhat susceptible to swings in performance. However, a formal hedge ratio stability test finds only the cross-hedge ratios for the minor European currencies to be unstable over time; the currency futures cross-hedge ratios for the Asian currencies are relatively stable. Yet, the intertemporal cross-hedge ratio instability does not appear to have a substantial impact on the crosshedging performance of currency futures for the European currencies.
Comparison of simulated currency futures cross-hedging strategies shows that the portfolio model yields superior risk reduction performance. The variance of hedged portfolio returns is minimized when cross-hedging the European currencies and the Singapore dollar. Application of the portfolio and naive hedge strategies to managing Hong Kong dollar and South Korean won risk, however, increases exposure to the hedger. Because of the diversification effect, multiple-currency futures cross-hedges outperform single-currency futures cross-hedges. Moreover, cross-hedging a single spot position with twocurrency futures positions is as effective as with five-currency futures positions.
The empirical results obtained from this study have important policy implications for international businesses that find themselves exposed to exchange rate risk which cannot be laid off directly in the currency futures and forward markets. In general, cross-hedging provides opportunities to minimize exchange rate risk at relatively low cost for the single non-traded currency. However, hedgers may have to accept lower cross-hedging performance ex ante. Moreover, Asian currency risk cannot be effectively cross-hedged with currency futures even if the optimal cross-hedge ratios are stable over time. On the other hand, hedge-ratio instability may not necessarily affect cross-hedging performance. And optimal hedge parameters derived from the portfolio model appear to be quite useful, particularly in the case of multiple-currency futures cross-hedges. Although portfolio risk and return and statistical relationships are important, the currency hedger must also pay close attention to institutional details as well as strong economic relationships to create a "good" cross-hedge.
